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ABSTRACT
The Formosan subterranean termite, Coptotermes formosanus Shiraki, is
responsible for over $1 billion in property damage, repairs, and control in the United
States. Presently, control of this exotic pest depends mainly on chemical methods. There
is an increasing interest in using natural products in pest control because of their low
mammalian toxicity and environmental safety.
Chemical components of the roots of vetiver grass, Vetiveria zizanioides (L.)
Nash, have shown to be effective repellents and toxicants to Formosan subterranean
termites. Objectives of this research were to evaluate: 1) vetiver grass root growth and its
oil distribution; 2) vetiver oil, nootkatone, and tetrahydronootkatone as wood treatments;
and 3) understanding alate flight biology as preventative measures against Formosan
subterranean termites.
The amount of vetiver oil present in the root system increased as root weight
increased at each sampling date. At the final sampling period, mean root weight increased
520% from the previous sampling period. The highest vetiver root mulch to sand ratio
tested was effective against Formosan subterranean termites by decreasing tunneling
activity and increasing termite mortality, thus decreasing wood consumption.
In field and laboratory studies, wood samples treated with 5% nootkatone or 5%
tetrahydronootkatone solutions showed good potential as possible wood treatment
options. These studies indicated significantly less consumption of treated wood samples
verses untreated controls. Significantly higher termite mortality was observed with
treated wood samples as opposed to untreated controls in the laboratory evaluation.

vii

Analysis of annual flights of the Formosan subterranean termite monitored for 16
years in New Orleans, Louisiana, indicated the timing of peak flights was non-random,
suggesting a mechanism, either external or internal to the colony, triggers peak alate
flights. No relationship was observed between any of the extrinsic factors tested in
relation to the largest flight of the year. A degree day model was constructed to aid in
predicting each year’s largest Formosan subterranean termite flight, which indicated peak
flights did not occur before an average of 2611 heat units had accumulated.
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CHAPTER 1
INTRODUCTION AND REVIEW OF LITERATURE
Origin and Distribution
The Formosan subterranean termite, Coptotermes formosanus Shiraki, is believed
to have originated in China and transported to Japan as early as the 1300’s (Su and
Tamashiro 1987). It was not until 1909 that this insect was first described by Tokuichi
Shiraki in Formosa, at which time it was widely distributed throughout Japan, Formosa
(Taiwan), and China’s mainland (Abe 1937). Introduction of this species to other areas
of the world came about mainly through trade with these aforementioned areas in the
Orient. Hawaii’s first documented infestation was in 1907 on the island of Oahu and by
the 1930’s had spread to the islands of Kauai, Molokai, Lanai, as well as other areas of
Oahu, including Honolulu (Swezey 1914 as cited in Tamashiro et al. 1987). Other early
areas of introduction included South Africa (1925), Guam (early 1950’s), Midway Island
(early 1950’s), and Marshall Islands (early 1950’s) (Gay 1969, Su and Tamashiro 1987).
In the continental United States, the establishment of the Formosan subterranean
termite was through military ships returning to port cities from areas of Japan after World
War II with infested cargo (Spink 1967, Gay 1969). Initially, the first known infestation
was thought to be a colony found in a shipyard in Houston, Texas, in 1965 (Spink 1967).
But according to Chambers (1988), a sample of termites originally identified in 1957 as
Incisitermes schwarzi Banks by T.E. Snyder in Charleston, South Carolina, was actually
Coptotermes formosanus, making this the first documented collection in the continental
United States. In 1965, the building where the infestation was located in Houston, Texas,
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was fumigated and believed eradicated, but additional infestations were found a year later
in the same shipyard (Spink 1967).
In 1966, heavy infestations of the Formosan subterranean termite were identified
in New Orleans and Lake Charles, Louisiana (Spink 1967). The severity of these
infestations indicated that these colonies were established many years prior to 1966
(Spink 1967). In 1966, a survey of Louisiana conducted by the United States Department
of Agriculture and various local and government agencies found 1,720 individual
infestations of the Formosan subterranean termite (Beal 1987). In a survey by Spink
(1967), independent of the above mentioned survey, most infestations were observed in
cypress trees along the Calcasieu River and trees on land in the bends of this river. His
inland survey indicated infestations of Formosan subterranean termites in four buildings
in Westlake, Louisiana, and three utility poles in Lake Charles, Louisiana. In 1998,
results from a survey conducted in Sam Houston Jones State Park (Westlake, Louisiana),
an area adjacent to the Calcasieu River, indicated that of the 1020 trees inspected, 67
(6%) were heavily infested with Formosan subterranean termites (McMichael 1998).
To date, the Formosan subterranean termite has been reported in 11 states
including Louisiana, Texas, Mississippi, Alabama, Florida, Georgia, North Carolina,
South Carolina, Tennessee, California, and Hawaii (Figure 1.1) (Woodson et al. 2001).
The spread of the Formosan subterranean termite within the United States is primarily
human related; caused by the transportation of infested cellulose material. In Georgia, six
colonies of Formosan subterranean termites were determined by DNA analysis to have
originated from colonies established in New Orleans, Louisiana. This colony was
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transported from New Orleans, Louisiana to Georgia via infested railroad ties in the late
1980’s or early 1990’s (http://www.griffin.peachnet.edu/caes/pests/f_termites.html).

Figure 1.1. States in blue indicate where established colonies of Formosan subterranean
termite have been found.
While all parishes in Louisiana are at risk for Formosan subterranean termite
infestations, presently 33 of the state’s 64 parishes have known infestations (Figure 1.2).
The majority of these parishes lie in the southern most region and along the western
border of the state. Infestations have also been located in Ouachita Parish, in the
northeastern corner of the state and in Sabine Parish, located in the northwestern portion
of the state.
The geographical range of this species is limited by temperature (Abe 1937). This
sub-tropical species cannot withstand extremely cold weather and at temperatures below
13º C, above ground foraging of Formosan subterranean termites stops (Henderson et al.
unpublished). In Japan, Formosan subterranean termites are present only in areas where
the average annual temperature is greater than 15ºC, the average temperature for the
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coldest month of the year does not drop below 4ºC, and the average minimum
temperature for the coldest month of the year is higher than 0ºC (Abe 1937).
However, a well established colony was discovered at a naval base in the Kanagawa
Prefecture in Japan where temperatures drop below the levels stated by Abe in 1937
(Mori 1987).

Areas of infestation
Areas of heavy infestation
No infestations reported

Figure 1.2. Current distribution of the Formosan subterranean termite in Louisiana.
(Modified from Hu et al. 2000)
Biology
Termites, like all ant species and some species of bees and wasps, are eusocial
insects where the work performed by individual colony members is toward the success of
the colony. Eusocial insects are characterized by 1) an overlapping of generations, 2)
cooperative care of younger generations by older generations, and 3) presence of a
reproductive division of labor, or a caste system (Wilson 1975). Termites are highly
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successful eusocial insects, which is evident by their historical success of over 200
million years (Henderson and Fei 2002) and widespread distribution throughout many
areas of the world (Jones and La Fage 1980).
Four types of termites are present in the United States: drywood, dampwood,
arboreal, and subterranean. Drywood termites establish colonies above ground in dry,
undecayed wood (Haverty 1976). This group is the least moisture dependent (Jones and
La Fage 1980). Dampwood termites initiate colonies in damp or decaying wood, but once
established, can move into areas of sound, drier wood (Haverty 1976). In 2001, an
arboreal species, Nasutitermes costalis, was newly discovered in south Florida. While
members of this family most commonly build subterranean nests, they also construct
arboreal and mound nests (Weesner 1960). Nasutitermes costalis is able to build freestanding nests usually above ground or in trees, making them easily detectable
(Orfanedes et al. 2003). In San Diego, California, Setter and Myles (2005) discovered the
termite genera, Microcerotermes, a wood feeding, higher termite and member of the
family Termitidae. These termites were observed in the roots of laurel sumac trees and
appeared to be confined to arboreal habitation, suggesting they were not a threat to
urbanized area (Setter and Myles 2005). Subterranean termites, members of the family
Rhinotermitidae, feed on wood and cellulose materials located above and below ground,
but for the majority of species, are confined to constructing nests and establishing
colonies solely underground (Haverty 1976). Contact is kept with above ground wood by
the construction of shelter tubes, where by the termites can maintain moisture and
humidity levels needed for survival.
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Formosan subterranean termites, while similar in biology to other subterranean
termites, differ considerably in ecology. These major differences include nest
construction, foraging activity, and colony size. Formosan subterranean termites build
well-defined carton nests made of saliva, masticated wood, and excrement which may be
located several hundred feet from the food source (Spink 1967). Carton nests can
become extremely large in size, sometimes encompassing large areas of walls (Figure
1.3). Primary reproductives reside in this nest for the entirety of their lives. Of the
species of subterranean termites present in the United States, the Formosan subterranean
termite is the only known species to construct carton nests (Spink 1967). Reticulitermes
spp. construct diffuse, multi-compartmental nests found only in the soil (Howard and
Haverty 1981, Chambers 1988). In addition to underground nests, Formosan subterranean
termites are able to sustain colonies in suitable areas above ground, unlike its native
counterpart (Spink 1967). This characteristic allows them to build nests inside living trees
and walls of homes and buildings where moisture is available.
Foraging activity of Formosan subterranean termites is another characteristic that
differs from other subterranean termites. Formosan subterranean termites construct
tunnels from their underground nest which have been observed to extend over 120 meters
(Spink 1967, King and Spink 1969). King (1968) found that galleries of Formosan
subterranean termites can cover approximately 0.40 hectares. These underground tunnels
are larger and in fewer numbers than underground tunnels built by Reticulitermes spp.
(Henderson and Fei 2002). Reticulitermes spp. do not forage in this manner, but instead
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construct nests close to food sources (Spink 1967).

Figure 1.3. Formosan subterranean termite carton nest found in the wall of a school
located in New Orleans, Louisiana. Photo by Chris Dunaway, LSU AgCenter.
Colony size is another characteristic which sets the Formosan subterranean
termite apart from Reticulitermes spp. As with all subterranean termites, when a colony
of Formosan subterranean termites is first initiated, growth is slow. It is estimated that
after one year a colony is composed of only 30 individuals (Henderson and Fei 2002).
Production of eggs by the queen ceases until the first brood has hatched, at which time
she continues with brood production (Jones and La Fage 1980). After the first year,
colony growth begins to increase dramatically with each passing year. At year two, only
250 individuals are present while three and four year old colonies are estimated to have
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1,250 and 50,000 individuals, respectively (Jones and La Fage 1980). Once a colony is
mature, which occurs about seven years after initiation, it is able to produce alates, the
winged reproductives of the colony, which swarm from the colony (Henderson and Fei
2002). Mature Formosan subterranean termite queens may be capable of producing
1,000 eggs per day (Jones and La Fage 1980). Because of this, a colony of Formosan
subterranean termites can grow to sizes of approximately 2 to 4 million individuals (Su
and Tamashiro 1987) and possibly sustain that colony for more than 25 years (Wilson
1971, Jones and La Fage 1980). It has also been suggested that these termites can have
colonies comprising over 10 million individuals (Henderson 1996). In comparison to
Formosan subterranean termites, colonies of Reticulitermes spp. are considerably smaller.
Howard et al. (1982) observed mature colonies of Reticulitermes flavipes (Kollar) to
contain approximately 245,000 individuals.
Economic Impact
Termites are an ecologically important insect that aid in the breakdown of
cellulose material and recycle nutrients back into the soil. This important role in nature is
overshadowed when termites invade economically important structures such as homes,
buildings, boats, utility poles, and underground telephone cables.
In 1966, after established Formosan subterranean termites colonies were sighted,
losses were estimated at $79,000 in New Orleans, Louisiana; $2,000 in Lake Charles,
Louisiana; and $1,000 in Galveston, Texas (Gentry 1966). Today, with economic losses
due to property damage, repairs, and control of Formosan subterranean termites are
estimated at over $1 billion in the United States (Suszkiw 2000). Fifty percent of this
estimate is due to damage in Louisiana alone, with New Orleans, Louisiana, accounting
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for at least $300 million
(http://www.lsuagcenter.com/en/family_home/home/pest_management/Termite+Facts+a
nd+Figures.htm).
Because Formosan subterranean termites are able to establish colonies above
ground, living trees are commonly infested. In 1967, Spink stated that 4 -9% of trees in a
suburb of New Orleans, Louisiana, and many trees along the Calcasieu River in Lake
Charles, Louisiana, were infested with Formosan subterranean termites. Formosan
subterranean termites feed on the heartwood and build nests which weaken the tree’s
overall structure (Chambers 1988). It was not until 1992, after winds from Hurricane
Andrew made landfall near New Orleans, Louisiana, that the public realized the
seriousness of this pest in trees (Henderson 2000). Of the nearly 350 trees that fell during
this hurricane, 30 to 50% were infested with Formosan subterranean termites (Henderson
2000).
Structures near trees infested with Formosan subterranean termites are highly
susceptible to attack. Greaves (1962), found that a colony of Coptotermes sp. infesting
one tree, was also infesting 15 other nearby trees. In 2000, Louisiana’s Department of
Agriculture and Forestry, in an effort to control this pest, began what is known as the
Formosan Termite Initiative. Over 5.5 million dollars was appropriated by the Louisiana
State Legislature for this program which was designed to drill and treat trees on public
property in areas of the state highly infested with Formosan subterranean termites
(Henderson 2000). With cooperation from local pest control operators, trees in New
Orleans and Lake Charles were treated.

9

The economic impact of the Formosan subterranean termite is not limited to
homes, buildings, or trees. Creosote-treated poles, used by utility companies and for
construction of locks used on rivers to fight salt water intrusion are also susceptible to
attack by Formosan subterranean termites. Between 1974 and 1984, nearly 200 termite
damaged utility poles were removed, replaced, and disposed of in New Orleans,
Louisiana, at a cost estimated of over $200,000 (La Fage 1987). In Westlake, Louisiana,
many of the creosote treated poles used in the construction of the United States Army
Corps of Engineers Salt Water Intrusion River Locks (Figure 1.4) had to be replaced in
1997, because of heavy infestation by Formosan subterranean termites (personal
communication, Allen Collette Lake Charles City Engineer’s Office, Lake Charles,
Louisiana).
In 1993, Formosan subterranean termites were discovered damaging underground
telephone lines in New Orleans, Louisiana. Although termites were not directly harming
the wiring, by eating through the polyvinyl chloride (PVC) outer covering they were
allowing moisture to come in contact with the wiring, giving way to corrosion and short
circuits (Henderson and Dunaway 1999). BellSouth Telephone Company estimated that
$400,000 was needed for repairs (Henderson and Dunaway 1999). In addition to
underground telephone lines, underground electrical lines are susceptible to attack by the
Formosan subterranean termite. Major power outages in New Orleans, Louisiana,
including one in 1993 which affected several hospitals and another in 1998 which
affected most of the French Quarter were blamed on this pest (Henderson and Dunaway
1999).
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Figure 1.4. Partial view of the Calcasieu River salt water intrusion locks, in Westlake,
Louisiana, prior to replacement due to a heavy infestation of Formosan subterranean
termites.
Control Strategies: Preventative Measures
In the fight against termites, the first line of defense is to prevent the
establishment of an infestation. The best time to implement preventative measures is
prior to the construction of a structure. Because termites are able to gain access to
structures through cracks in the foundation, openings around plumbing, and along edges
of the foundation (USDA 1960), a registered labeled liquid termiticide should be applied
to the entire ground surface which will be covered by concrete slab. This treatment
should be preformed according to federal and state regulations, label directions, and
applied under the supervision of a licensed pest control operator.
11

Yearly inspections are also needed to determine the presence of conditions
conducive to termite attack. Conducive conditions can include; direct wood to soil
contact, moisture leaks, and areas where the concrete foundation is covered with bark,
mulch, or soil.
In addition to a liquid pre-treatment, another option to home and building owners
to aid in the prevention of termites and termite damage is the use of pressure-treated
wood (USDA 1960, Tamashiro et al. 1988). In the past, homeowners had the option of
using chromated-copper arsenate (CCA) pressure-treated wood for the protection of their
homes. Not only was this treated wood valuable in the fight against termites, it also
protected against wood rot, molds, and other insect pests. Because of health issues,
beginning January 1, 2004, the Environmental Protection Agency (2002) no longer
allows the sale of this product for residential use. Residential alternatives to CCA
pressure-treated wood include borate treated wood, three varieties of alkaline copper
quaternary (ACQ) and two varieties of copper azole (CA) (Environmental Protection
Agency 2005a). Unlike their predecessor, these pressure-treated wood options do not
contain arsenic, making them safer alternatives for use in and around a home.
Borate pressure-treated wood is an inexpensive alternative with a low mammalian
toxicity. Borate compounds used in pressure-treated wood easily diffuse throughout the
wood resulting in excellent penetration (Lebow 2004). Borate pressure treated wood is
not recommended for applications where the wood can come in contact with water,
because of water solubility and the propensity to leach into soil or rainwater (Lebow
2004).
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ACQ and CA pressure treated wood both rely on copper as the main active
ingredient. Each type has several varieties, differing in the percentage of active ingredient
present. The variety of formulations allows flexibility in achieving maximum penetration
for different species of wood (Lebow 2004). While these are safer alternatives to CCA,
because they have only been developed in recent years, research conducted on leaching
and environmental impact is limited (Lebow 2004, Environmental Protection Agency
2005b). ACQ and CA are similar to CCA in strength and appearance, but are slightly
more expensive, costing approximately 10 to 30% more (Lebow 2004).
Control Strategies: Remedial Measures
In cases where subterranean termite activity is found after the construction of the
home or building is complete, there are several remedial options available. Control is
often difficult considering the cryptic nature of subterranean termites, especially
Formosan subterranean termites because of their ability to build nests above ground.
Also, because of the ability of colonies to reach sizes of over 10 million individuals
(Henderson 1996), it is impossible to treat and kill off the entire colony (Su and
Tamashiro 1987).
Su et al. (1982) classified termiticides according to the speed of kill. Type I
termiticides encompasses all repellent compounds. Type II termiticides are those
compounds responsible for instant kills, killing so quickly, the termites are not able to
move away from the treated area. Type III compounds are slow acting non-repellent
materials which allow for treated termites to move to other portions of the colony before
dying. Presently, type I and II compounds are rarely used as treatment options, because of
the termite’s ability to detect them and avoid the treated area. Repellent termiticides are
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used to create a barrier around structures in the hopes of preventing termites from
entering. This strategy often fails because termites enter the structure through breaks in
the chemical barrier, or when applied directly to active termites, they quickly died.
Termites killed by repellent termiticides are avoided by other colony members.
Currently, the most widely used treatment options include baiting systems or nonrepellent liquid termiticides. Both options belong to Type III compounds, but with each
targeting different aspects of the termite’s biology. Baiting systems can be placed above
ground or in-ground around the perimeter of the home or building. The toxicant, either a
chitin synthesis inhibitor or a stomach poison, can begin to affect the termite immediately
or is transferred from colony members who have come in contact with the toxicant to
other members of the colony by trophallaxis (Henderson and Fei 2002).
Liquid termiticides have been used in the fight against subterranean termites for
over 50 years (Potter and Hillery 2001). Liquid treatments involve either applying
treatment to the perimeter of the structure and rodding it into the ground or digging a
trench in the soil around the entire perimeter of the structure and applying treatment to
this trench, with rates designated by the treatment’s label. In areas where a concrete slab
is present, holes are drilled and the treatment is applied to these holes. Past classes of
insecticides used in termite control were organochlorine cyclodienes, organophosphates,
and pyrethroids. While organochlorine cyclodienes, such as chlorodane and heptachlor
were effective and inexpensive, they were banned from use in the United States in 1988
because of environmental and human health issues (Kard et al. 1989). Fast acting
organophosphates and repellent pyrethroids have also used in controlling termites, but
often failed because termites would enter the structure through breaks in the barrier, or
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when applied directly to active termites, they quickly died and were unable to pass the
toxicant to other colony members. Within the past decade, several non-repellent
termiticides have been registered for use (Waite et al. 2004). With the use of nonrepellent termiticides, termites tunnel through treated soil and transfer the toxicant to
other colony members presumably through allogrooming, body contact, and trophallaxis
(Henderson and Fei 2002).
Presently, the application of non-repellent liquid termiticides by the label requires
extensive amounts of time and effort to make sure possible areas of entry are treated
(Potter and Hillery 2001). In addition to the time and effort needed to apply these
treatments to structures, these applications can be costly (to the homeowner and the pest
control operator), use large quantities of chemical, and can be disruptive to the home or
business owner (Potter and Hillery 2001). Results from recent studies indicate that
exterior only perimeter treatments or exterior perimeter treatment with additional interior
spot treatment of active areas can eliminate infestations of subterranean termites in most
structures when treated with a termiticide containing the active ingredient, fipronil (Potter
and Hillery 2001, Nix et al. 2004, Waite et al. 2004). To date, treatment involving
perimeter treatments, in addition to spot treating termite infested interior areas with
fipronil has been approved for use in some states by their respective regulatory agency
(http://www.pestcontrolfacts.com/products/termidor/PerimeterPlus/approved.asp).
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CHAPTER 2
DETERMINATION OF VETIVER GRASS (GRAMINALES: POACEAE)
ROOT GROWTH AND OIL DISTRIBUTION
Introduction
Vetiver grass, Vetiveria zizanioides (L.) Nash, is native to India and possesses an
extensive root system beneficial in soil and water conservation where erosion is
problematic (National Research Council 1993, Chomchalow 2001). The fast growing root
system of this plant contains essential oils, natural compounds found in many different
plants (Zhu et al. 2001b). Vetiver oil, the essential oil found in the roots of vetiver grass,
is a complex substance consisting of hundreds of compounds (Cazaussus et al. 1989).
Presently, vetiver oil and many of its constituents are used in perfumes and soaps, as
fixatives in cosmetics, as flavoring in some foods and citrus drinks, for a variety of
medicinal purposes including clearing acne, overcoming depression or insomnia, stress
relief, and even has been useful for jet lag (Chomchalow 2001).
Chemical compounds from the roots of vetiver grass possess repellent properties
useful against ants, cockroaches, bedbugs, head lice, flies, and moths (National Research
Council 1993, Henderson et al. 2005a). Vetiver oil and many of its constituents are also
repellent and toxic to termites (Zhu et al. 2001a and 2001b, Ibrahim et al. 2004,
Henderson et al. 2005b). In addition, wood treated with nootkatone, a compound present
in vetiver oil, acts as a repellent and feeding deterrent against Formosan subterranean
termites, decreasing the number of protozoa in the gut of the termite and also disrupts
tunneling behavior (Maistrello et al. 2000, 2001, and 2002). A major interest of
homeowners, who are aware of the discovery, is to use vetiver grass plants or roots from
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the plant incorporated into mulch for use around the perimeter of a structure as a repellent
to termites (personal communication, Gregg Henderson, Louisiana State University).
The objective of this study was to evaluate the root growth of vetiver grass and to
determine the relative amount of oil present in the roots obtained on different sampling
dates.
Materials and Methods
Material Preparation
Four vetiver grass plants (ca. 3 years old) were obtained from Donald O.
Heumann Greenhouse and Laboratory (Poydras, Louisiana) to be grown above ground
using a modified method from previous work
(http://www.vetiver.com/VNN_Root%20system.pdf). Five sections of polyvinyl chloride
(PVC) sewer pipe standing 2.44 m tall and 25.40 cm in diameter (Pipelife Jet Stream Inc.,
Siloam Springs, Arkansas) were used to hold the sand in which the vetiver grass was
planted. A 3.18 cm diameter opening was drilled 0.61 m from the top of the PVC pipe
with three additional openings drilled in a straight line every 0.30 m thereafter (Figure
3.1). These openings were used to obtain sand samples. Three to five additional openings
were drilled in a straight line 0.46 m directly below the last sample opening drilled, for
water drainage purposes. This drilling procedure was repeated at 90º, 180º, and 270º from
the initial line of openings.
Site Preparation
Five holes were dug in the ground in a straight line 2.29 m apart, each at a width
of 0.30 m and a depth of 0.61 m, in St. Gabriel, Louisiana. One PVC pipe was placed
inside each hole, with the drilled drainage holes going in the ground (Figure 3.2). To
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stabilize each PVC pipe and to aid in water drainage, approximately 0.014 m3 of gray
stone marble (Green Leaf Products, Haines City, Florida) was placed in the hole around
the outside of the PVC pipe. Each PVC pipe was filled with fill sand (AJL Enterprises,
St. Gabriel, Louisiana) until level with the top. Each sample opening was covered with
duct tape to keep sand from falling out and consecutively numbered 1-4, beginning with
the sample opening closest to the top of the PVC pipe, to indicate sampling heights
(Figure 3.2).

Sample openings

Drainage holes

Figure 3.1. PVC pipe with openings drilled for obtaining sand samples and drainage
purposes.
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1

2
3
4

Figure 3.2. PVC pipe placed in the ground.

On April 16, 2004, seven days after setting up the PVC pipes, 4 were randomly
chosen and vetiver grass was planted at an approximate depth of 0.5 m, leaving a 2.54 cm
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space at the top of each PVC pipe to prevent overflow when watering. One tablespoon of
Miracle-Gro® all purpose plant food (Scotts Miracle-Gro Company, Marysville, Ohio)
was added to each setup at the beginning of the study and again at approximately 5
months after the vetiver grass was planted. All setups were watered daily with
approximately 3.8 – 7.6 L of water.
Sand Sampling
To analyze roots for the presence of vetiver oil, every 2 months for 8 months,
sand samples were obtained using a Bayco chrome plated heavy duty soil probe (54.34
cm x 2.22 cm, Lawrence, Kansas). The duct tape covering was removed and samples
were taken from each setup through holes at all 4 sampling heights at the 270º openings.
This directional aspect was randomly selected. The soil probe was inserted through the
entire width of the PVC pipe, turned slightly, and then removed. Approximately 25.4 cm
x 2.06 cm of sand was extracted and was placed in autoclaved 250 ml I-Chem jars (7.3
cm x 8.6 cm, Fisher Scientific, Pittsburg, Pennsylvania). The soil probe was rinsed with
100% ethyl alcohol after taking each sample. Only one sample, taken from sampling
height 1, was obtained from the control setup for each of the sampling dates. Duct tape
was replaced after samples were obtained.
Sample Preparation
Samples were dried for 48 hours in individual polystyrene weighing dishes (140
mm x 140 mm x 25mm, FisherBrand, Fisher Scientific, Pittsburg, Pennsylvania) under a
fume hood. Dried samples were returned to their respective I-Chem jar and 100 ml of
100% ethyl alcohol was added. Each sample was stirred vigorously for 2 minutes and
filtered into individual, autoclaved 100 ml Pyrex® laboratory bottles (Fisher Scientific,
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Pittsburg, Pennsylvania) using qualitative filter paper (18.5 cm, Grade 413, VWR
Scientific Products, West Chester, Pennsylvania). Once all liquid was filtered, roots on
the filter paper were removed and placed back in the original I-Chem jar. Filtered liquid
samples were placed inside a refrigerator. I-Chem jars containing remaining sand and
roots were allowed to dry uncovered under a fume hood for 48 hours at which point all
vetiver roots were removed from the sand, weighed and recorded.
Ethyl Alcohol Evaporation
Filtered liquid samples were concentrated in a 50°C water bath with a
Brinkmann/Büchi Rotovapor RE120 rotary evaporation system (Fisher Scientific,
Pittsburg, Pennsylvania). Once the ethyl alcohol was completely evaporated,
approximately1-3 ml of 100% ethyl alcohol was added and transferred to a 15 mm x 45
mm glass vial (Fisher Scientific, Pittsburg, Pennsylvania). The samples were then dried
under nitrogen gas and stored in a freezer set at approximately 0º C.
Thin Layer Chromatography (TLC)
One hundred microliters of 100% ethyl alcohol were added to each vial and
placed on a Vortex Genie 2 shaker (FisherBrand, Fisher Scientific, Pittsburg,
Pennsylvania) for 10 seconds. Using a 5 µl microcapillary pipet (Kimble Glassware,
Vineland, New Jersey), 1 µl was removed from each sample and spotted on a 10 cm x 20
cm silica gel TLC plate (Uniplate, Analtech Inc., Newark, Delaware). All samples from
their respective sampling dates were placed on 1 TLC plate. For comparison purposes, 1
µl of vetiver oil (Haitian vetiver oil; The Good Scents Company, Oak Creek, Wisconsin)
was spotted as a standard.
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TLC plates were placed inside a glass chamber containing a shallow pool of
chloroform so that only the bottoms of the plates were in the liquid. The chamber was
covered with a stainless steel lid and left undisturbed until the chloroform was
approximately 1 cm from the top of the TLC plate. Once removed from the developing
chamber the TLC plates were allowed to dry under a fume hood for 5 minutes, sprayed
lightly with 50% sulfuric acid, and placed inside an oven at 120º C for 10 minutes. TLC
plates were scanned with an Epson 2400 photo scanner (Epson Photo 2400, Epson
America, Long Beach, California) to fix the images.
Evaluation of Vetiver Oil Quantity
Samples taken at each sampling date were visually evaluated based on the
darkness of the spot on the TLC plate using the following scale: 4, very dark; 3, moderate
darkness; 2, light; and 1, very light to no spot present. Darker samples indicated that a
larger quantity of vetiver oil was present.
Observation of Total Root Growth
The study was terminated 8 months after planting the vetiver grass and one PVC
pipe containing a vetiver grass plant was dismantled to observe root growth. The roots
were washed using a water hose to remove sand and debris and were allowed to dry
under a fume hood. Once dry, the total root length and weight was recorded.
Statistical Analysis
An ANOVA for repeated measures (PROC MIXED, SAS Institute 1989),
followed by a least square means post-hoc test was used to compare root weights at each
sample height and for each sampling date. Although root weights were transformed to
square root for data analysis, untransformed means are reported. An ANOVA for
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repeated measures (PROC MIXED, SAS Institute 1989) was also performed for each
sampling date to determine the relationship between 1) sampling height and root weight,
2) root weight and vetiver oil quantity, and 3) sampling height and vetiver oil quantity.
Results
Mean root weights from the fourth sampling date (December) were significantly
higher than all other sampling dates with a mean weight of 0.862 grams (F= 391.22; df =
3,9; P-value < 0.0001) (Table 3.1), indicating a 520% increase from the previous
sampling period. There was no difference in mean root weight with respect to sampling
heights (F= 0.93; df = 3, 9; P-value = 0.47) (Table 3.2).
Table 3.1. Mean weight ± SD (in grams) of vetiver grass roots for each sampling date.
Sampling Date
Mean Root Weight ± SD
June

0.07 ± 0.04 a*

August

0.07 ± 0.04 a

October

0.14 ± 0.07 b

December

0.86 ± 0.05 c

*Means followed by the same letter are not significantly different at 0.05 level as
determined by least square means test.
Table 3.2. Total mean weight ± SD (in grams) of vetiver grass roots for each sampling
height.
Sampling Height
Mean Root Weight ± SD
1

0.28 ± 0.35 a*

2

0.29 ± 0.35 a

3

0.27 ± 0.36 a

4

0.28 ± 0.35 a

*Means followed by the same letter are not significantly different at 0.05 level as
determined by least square means test.
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Comparison of all TLC plates with the vetiver oil standard TLC plate indicated
the presence of oil in the vetiver root samples. The amount of vetiver oil present in the
roots increased with each sampling date, as evidenced by darker spots on the TLC plate
(Figures 3.5).

a)

b)
Figure 3.5. TLC plate for a) first sampling date (June), b) second sampling date
(August), c) third sampling date (October), and d) fourth sampling date (December). The
first line for each plant are the samples taken from sampling height 1, the second line for
each plant are those taken from sampling height 2, continuing to the last (fourth) sample
for each plant being the sample taken at the lowest sampling height (sampling height 4).
(Figure continued)
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c)

d)

There was a significant decrease in the amount of vetiver oil present in the roots
with distance for the second sampling date (August: P-value <0.0001) (Figure 3.6). Mean
root weight decreased significantly with distance at the second sampling date (August: Pvalue <0.0001) (Figure 3.7). As mean root weight increased the amount of vetiver oil
increased for the second and third sampling date (August: P-value = 0.0007, October: Pvalue < 0.0001, respectively) (Figure 3.8-3.9).
The roots extracted from the PVC pipe at the end of the experiment were
approximately 25 cm in diameter; over 2 m long (Figure 3.10), and weighed 0.48 kg.
Roots were also present below ground level, but we were unable to determine how far
they extended.
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Figure 3.6. Linear relationship between sampling height and vetiver oil quantity for the
second sampling date: August. Vetiver oil quantity is based on a visual rating of 1-4; 4,
very dark; 3, moderate darkness; 2, light; and 1, very light to no spot present. Darker
samples indicated that a larger quantity of vetiver oil was present.
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Figure 3.7. Linear relationship between sampling height and root weight for the second
sampling date: August.
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Figure 3.8. Linear relationship between root weight and vetiver oil quantity for the
second sampling date: August. Vetiver oil quantity is based on a visual rating of 1-4; 4,
very dark; 3, moderate darkness; 2, light; and 1, very light to no spot present. Darker
samples indicated that a larger quantity of vetiver oil was present.
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Figure 3.9. Linear relationship between root weight and vetiver oil quantity for the third
sampling date: October. Vetiver oil quantity is based on a visual rating of 1-4; 4, very
dark; 3, moderate darkness; 2, light; and 1, very light to no spot present. Darker samples
indicated that a larger quantity of vetiver oil was present.
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Figure 3.10. Total root growth of vetiver grass eight months after planting. The person
holding the vetiver grass plant is 1.97 m tall.
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Discussion
Overall, as mean root weight increased there was an increase in the amount of
vetiver oil present in the roots. It is also important to note that as vetiver plants age, the
amount of vetiver oil in the root system also increases (Chomchalow 2001).
Root growth of a plant can be affected by daily temperatures, moisture, and/or
texture of the soil which it is planted in (Wang 2001). Vetiver grass is a tropical plant
species able to withstand extreme heat, and is usually unable to survive in subfreezing
temperatures (National Research Council 1993). The dramatic increase in root growth
observed during the final sampling date can be attributed to the daily temperatures and/or
soil temperatures at that time of the year. The third and fourth sampling dates took place
in mid-October and mid-December, respectively. During this time period, the average
daily temperature was 18ºC (http://www.agctr.lsu.edu/weather/) (Table 3.3). This
temperature coincides with results reported by Wang (2001), where longest root growth
occurred in vetiver grass plants subjected to temperature treatments of 25º/20ºC in growth
chambers. Soil temperatures in these treatments also provided for the fastest rate of root
growth (4 cm per day) (Wang 2001). Soil temperatures (taken at 10 cm below soil
surface) reported at Louisiana State University Agricultural Center’s St. Gabriel Research
Station (http://www.agctr.lsu.edu/weather/) (approximately 2 miles from the site of this
study) averaged 20ºC for the time period when root growth was greatest (Table 3.3).
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Table 3.3 Average daily and soil temperatures (10 cm below soil surface) between
sampling dates reported from Louisiana State University Agricultural Center’s St.
Gabriel Research Station.
Average Daily
Average Soil
Percent increase in
Temperature
Temperature
root growth from
previous sampling
date
April 16 - June 16
23°C
27°C
N/A*
June 17 - August 16

27°C

31°C

0%

August 17- October 14

26°C

29°C

113%

October 15- December 16

18°C

20°C

520%

*Since the study began on April 16, no previous data existed on root growth for the June
16 collection.
While using vetiver grass roots as mulch against termites as an alternative to
insecticides is of great interest (Chomchalow 2003), research in this area is lacking. It has
been shown that vetiver oil and many of its constituents are effective repellents and
toxicants to termites (Maistrello et al. 2000, 2001, and 2002, Zhu et al. 2001a and 2001b,
Nix et al. 2003, Ibrahim et al. 2004, Henderson et al. 2005). One can speculate that since
vetiver roots and vetiver oil have been shown to be an effective repellent to a variety of
insects, including termites, it would be likely that vetiver roots used as mulch would act
as an effective repellent against termites. If successful, this mulch could be used by
homeowners as a safe alternative to insecticides (Chomchalow 2003).
While vetiver plants are still mainly used for soil and water conservation, it is
becoming increasingly popular for a variety reasons. The roots of this plant have the
ability to protect the environment by creating an underground dam enabling it to trap
nutrients (Chomchalow 2003). The presence of heterotrophic bacteria on the root system
allows for the degradation of organic materials resulting in remediation of contaminated
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areas such as city dumps and areas with water and heavy metal contamination
(Chomchalow 2001 and 2003, Mahisarakul et al. 2003).
Vetiver oil has a powerful, yet pleasantly sweet, earthy scent (Dowthwaite and
Rajani 2003). Because of this distinctive scent, vetiver oil is used to enhance the
fragrances of soaps, perfumes, deodorants, and lotions (Chomchalow 2001, 2003).
Vetiver oil is also very low in volatility making it a very important fixative for perfumes
and cosmetics.
In recent years, vetiver oil has been increasingly popular for medicinal and
aromatherapy purposes (Chomchalow 2003). In various parts of the world anecdotal
information indicates that vetiver oil is used to reduce fever, dissolve gall stones, aid in
stomach discomfort, relieve headaches, and even has been said to be effective in the
treatment of diabetes, prostate cancer, and hernias (Chomchalow 2003, Simon 2003). In
aromatherapy, it aids in reducing stress and tension, increasing blood circulation,
overcoming insomnia, preventing stretch marks in pregnant women, as well as a variety
of other uses (Chomchalow 2001, 2003). This increasing popularity of vetiver oil has
resulted in a shortage of supply from countries producing the plant (Chomchalow 2003).
Presently, vetiver grass is grown in-ground and because of the extensive root
growth, it is extremely difficult to harvest. In Thailand, in an effort to increase the
amount of roots harvested, vetiver plants were planted in-ground in large sand-filled
polyethylene bags (Chomchalow 2000). After one year, this method yielded
approximately a half kilogram of roots per plant.
The method of growing vetiver plants described in this study allows for an
effortless harvest of the majority of the root mass. Because of the multitude of uses and
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the growing popularity of vetiver grass roots, this method of growing and harvesting
vetiver grass can be advantageous to many industries.
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CHAPTER 3
EVALUATION OF VETIVER GRASS ROOTS AS REPELLENT MULCH
AGAINST COPTOTERMES FORMOSANUS SHIRAKI, THE FORMOSAN
SUBTERRANEAN TERMITE (ISOPTERA: RHINOTERMITIDAE)
Introduction
Presently, control of subterranean termites depends mainly on the incorporation of
synthetic chemical treatments with a long persistence into the soil. There has been an
increased public awareness of pesticide use in the urban landscape and an increased
desire to reduce their use and implement more environmentally safe control strategies
(Forschler and Jenkins 2000). There is also an increasing interest in using natural
products in pest control because of their low mammalian toxicity and environmental
safety (Duke 1990).
Mulches are materials spread over soil surfaces to reduce moisture evaporation,
protect soil from erosion, to provide insulation during periods of extreme temperatures,
and to inhibit weed growth (Gill 2005a). Organic mulches such as leaves, pine bark, pine
needles, or wood chips are the most widely used (Gill 2005a) and because these mulches
are mainly comprised of cellulose, they are at risk for attack by termites. Also, because
mulches protect the soil by conserving moisture, they create a hospitable environment for
termites (Gill 2005b). While data indicated that organic mulches do not increase the rate
of termites scouting to the area (Long et al. 2001), because mulches are often placed
directly against a home’s foundation, they provide a hidden, direct entryway for termites
into a home. In cases where mulches are placed atop soils previously treated with
termiticides, mulches provide a bridge allowing termites to cross over treated soil
(Forschler 1998).
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Chemical components of the roots of vetiver grass, Vetiveria zizanioides (L.)
Nash, have shown to be repellent and toxic to Formosan subterranean termites
(Maistrello et al. 2000, 2001, and 2002, Zhu et al. 2001a and 2001b, Nix et al. 2003,
Ibrahim et al. 2004, Henderson et al. 2005a). Roots of vetiver plants have been used in
many areas of the world as a repellent to a variety of insects (National Research Council
1993, Chomchalow 2003, Henderson et al 2005b). Since the chemical compounds
responsible for repellency is found in the roots of this plant, it has been of great interest to
determine if vetiver grass roots, when used as mulch, could kill or repel termites. The
objective of this study was to determine if vetiver grass roots when used as mulch acted
as a repellent to termites in a laboratory setting.
Materials and Methods
Vetiver Grass Root Mulch
One of the four vetiver grass plants planted on April 16, 2004, as noted in Chapter
2, was harvested on June 7, 2005. The roots were rinsed thoroughly with water to remove
sand and debris and dried under a fume hood for 5 days. Dried roots were cut with
scissors into small pieces (ca. 1.0 cm) and stored in covered plastic containers (18.89 x
13.81 x 9.53 cm3; Pioneer Packaging Co., North Dixon, Kentucky) under a fume hood for
2 days.
Experimental Containers
Three-compartment plastic containers (18 x 8 x 4 cm3, 5.6 x 8 x 4 cm3 each
chamber; Pioneer Packaging Co., North Dixon, Kentucky) with small openings (3.5 x 0.3
cm2) at the bottom of the two inner walls connecting the chambers were used for this
experiment. The three chambers were labeled as the nest chamber; where termites were
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added, treatment chamber (middle chamber), and the food chamber. Untreated balsa
wood, Ochroma lagopus Swartz (5.1 x 1.4 x 0.1 cm3), was dried under a fume hood for
24 hours, weighed, and placed inside the food chamber of all containers. Forty grams of
autoclaved fine commercial grade construction sand (Louisiana Cement Products,
Greenwell Springs, Louisiana) was moistened with 5 ml of deionized water. Vetiver root
mulch was mixed with the sand in the treatment chamber of each container. Four
treatments were tested: control (no vetiver root mulch), 5%, 10%, and 25% vetiver root
mulch to sand (wt:wt). Vetiver root mulch for 5%, 10%, and 25% treatments were
moistened with 2 ml, 4 ml, and 10 ml of deionized water, respectively. Ninety worker
and 10 soldier Formosan subterranean termites from a colony collected in New Orleans,
Louisiana, on May 14, 2005, were introduced into the nest chambers. To reach the food
source, termites had to tunnel through the treatment chamber. Five replicates were
performed for each treatment. Each container was covered and placed in a dark incubator
at 28ºC for 16 days.
Tunneling Response, Consumption, and Mortality
On days 4, 8, 12, and 16 the bottom of each container was scanned (Epson Photo
2400, Epson America, Long Beach, California) to fix the image of the tunnels. Images
were printed to actual size to measure total tunnel length. Also, at this time, 5 ml of
deionized water was added to the sand in all of the treatment chambers to maintain high
moisture. On day 16, all containers were dismantled, the number of live termites was
counted to determine mortality, and wood slices were cleaned, dried under a fume hood
for 24 hours, and weighed to determine consumption. Percent mortality was calculated
using the formula: ((100 – number of live termites)/100) X 100. Percent consumption of
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wood slices was calculated using the formula: ((Initial wood weight – final wood
weight)/100) X 100.
Statistical Analysis
The length of tunneling for each observation date, percent consumption of the
wood samples, and percent mortality were analyzed using an analysis of variance
(ANOVA) procedure (PROC GLM, SAS Institute 1989). The means were separated
using Tukey’s studentized range (HSD) test. Although tunnel length for day 4 and
percent consumption +1 were transformed to log to promote normality for data analysis,
untransformed means are reported.
Results
Tunneling Response, Consumption, and Mortality
The total length of tunnels by Formosan subterranean termites in 5%, 10%, and
25% treatments was not significantly different from the control at day 4 and day 8
(P-value > 0.05) (Table 3.1). On days 12 and 16, tunneling length was significantly less
only in the 25% vetiver root mulch treatments when compared to the controls (P-value =
0.04, P-value = 0.03, respectively) (Table 3.1). In 2 replications of 5% vetiver root
mulch, 4 replications of 10% vetiver root mulch, and all 5 replications of 25% vetiver
root mulch, termites did not tunnel all the way through the treatment chamber to get to
the food chamber. Instead of displaying the normal exploratory behavior, on days 8, 12,
and 16, termites in the nest and treatment chambers of all vetiver root mulch treatments
were very sluggish and remained clumped together.
Consumption of wood was significantly lower in vetiver root mulch treatments of
10% and 25% (P-value = 0.001) (Table 3.2). The highest wood consumption was
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recorded in control and 5% vetiver root mulch treatments, which were not significantly
different from each other. Termites in treatments consisting of 10% and 25% vetiver root
mulch exhibited significantly higher mortality rates (P-value = 0.002) than termites
present in controls (Table 3.2).
Table 3.1. Mean total length (±SD) (in cm) of tunnels for all observation days for each
treatment of vetiver grass root mulch.
Treatment
Day 4
Day 8
Day 12
Day 16
Control

34.1 ± 22.6 a*

30.9 ± 12.1 a

43.8 ± 4.94 a

43.9 ± 5.2 a

5%

31.3 ± 12.7 a

26.6 ± 10.8 a

32.0 ± 15.1 ab

34.4 ±1 2.4 ab

10%

28.9 ± 4.1 a

26.6 ± 2.1 a

31.0 ± 8 .2 ab

29.9 ± 11.3 ab

25%

18.9 ± 6.7 a

23.0 ± 9.3 a

23.5 ± 8.5 b

24.8 ± 6.2 b

*Means marked by the same letter within a column are not significantly different at 0.05
level determined by Tukey’s studentized range (HSD) test.
Table 3.2. Results for mean percent termite mortality (±SD) and mean percent
consumption (±SD) of wood obtained after 16 days.
Treatment
Mean Percent Mortality
Mean Percent Wood
Consumption
Control
4.8 ± 3.8 a*
47.4 ± 32.2 a
5%

43.4 ± 30.8 ab

17.0 ± 15. 7 ab

10%

72.4 ± 21.8 b

2.6 ± 5.2 b

25%

58.4 ± 25.7 b

0.9 ± 0.6 b

*Means marked by the same letter within a column are not significantly different at 0.05
level determined by Tukey’s studentized range (HSD) test.
Discussion
Results of the 25% vetiver root mulch treatments are similar to results of previous
evaluations of decreased tunneling, decreased food consumption, and increased mortality
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of termites (with and without direct contact to treatments) in wood or sand treated with
vetiver oil or its constituents (Maistrello et al. 2000, 2001, and 2002, Zhu et al. 2001a and
2001b, Ibrahim et al. 2004).
In 4 replications of the 10% vetiver root mulch and all 5 of the 25% vetiver root
mulch treatments, no consumption was present on the untreated pieces of wood present in
the food chamber. While the mean percent wood consumption in the 25% vetiver root
mulch treatment indicated a slight amount of consumption, the difference was due to the
fluctuation in relative humidity. A previous wood treatment study indicated that wood
treated with vetiver oil or nootkatone were not only toxic but acted as feeding deterrents
and arrestants (Maistrello 2001). The unusual behavior exhibited by termites in the
presence of vetiver root mulch observed on days 8, 12 and 16, is described as lingering
behavior (Maistrello et al. 2002) and is consistent with the behavior of termites exposed
to vetiver oil and its constituents as a wood or sand treatment (Maistrello et al. 2000,
2001, and 2002, Zhu et al. 2001a and 2001b, Ibrahim et al. 2004). These results indicate
that using vetiver roots as a protective barrier would be just as effective as vetiver oil and
its constituents against Formosan subterranean termites.
Roots of vetiver plants have been used in many areas of the world as a repellent to
a variety of insects (National Research Council 1993, Chomchalow 2003). While most of
this evidence is anecdotal, it is still useful. Over a century ago, Louisiana strawberry
farmers reported that when vetiver grass roots were used as mulch on their crops, the
attack of pest insects to this fruit crop were reduced to zero (Greenfield 2002,
Chomchalow 2003). Dried vetiver grass roots have been used since the early 1900’s as
sachets to protect stored clothing from mold, mildew, moths, and other insect pests
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(Greenfield 2002). A quote from an old Louisiana document (Vetivert Essential Oil
Corp., Early 1900’s, personal communication, Richard Grimshaw; www.vetiver.org) on
vetiver grass discusses its importance as a pesticide:
“Vetivert…is an object of great interest because of its enormous repellency to
insects of the universe…There are many plants, minerals, and other nature products in
this universe, that more or less protect the human race against the bothersome insects of
life... It seems that the insect life has an absolute distaste for vetivert. We have found in
the growing of this plant that no insects of any kind ever came near it. We also find that
in the powdered form, the tops mixed with the residue of the oil repel any and all insects.
It is for that reason, so important that this plant be given every consideration and not be
allowed to grow wild as heretofore has been the case in this country. It is as necessary to
have vetivert as it is to have salt in your food.”
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CHAPTER 4
FIELD EVALUATION OF NOOTKATONE AND
TETRAHYDRONOOTKATONE AS WOOD TREATMENTS AGAINST
COPTOTERMES FORMOSANUS SHIRAKI*
Introduction
The most widely used wood preservative in the USA is chromated copper arsenic
(CCA). CCA-treated wood is used to construct houses, playground equipment, decks, and
docks (Stilwell 1999). While CCA-treated wood is effective in the fight against termites
and fungi, it will be phased out from use in the United States in 2004, because of its risk
to the environment and human health. New and effective alternatives are needed.
The use of natural products has become increasing popular in the search for new and
effective pesticides that are environmentally safe and user friendly (Duke 1990).
Nootkatone is a minor component of Haitian vetiver oil, a product of the roots of vetiver
grass, Vetiveria zizanioides (L.) Nash, and Alaskan yellow cedar, Chamaecyparis
nootkatensis Lamb. Nootkatone and its derivative, tetrahydronootkatone, are used as
flavorings in food and drinks and fragrances (Shaw and Wilson 1981). In laboratory tests,
nootkatone and tetrahydronootkatone were repellant to Coptotermes formosanus Shiraki,
the Formosan subterranean termite (Zhu et al. 2001, Ibrahim et al. 2004). In addition,
nootkatone-treated wood acted as a repellant and a feeding deterrent against Formosan
subterranean termites, decreasing the number of protozoa in the gut of the termite
(Maistrello et al. 2000 and 2002) and also disrupting tunneling behavior (Maistrello et al.
2001 and 2002).

* reprinted with permission of Sociobiology
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Materials and Methods
Locating and Baiting Trees
Six bald cypress trees, Taxodium distichum L. Rich., along the Calcasieu River in
Westlake, Louisiana, were found within a 10-mile radius of one another and were
determined to be heavily infested with Formosan subterranean termites. The termiteinfested trees were easily distinguished by the many active shelter tubes observed on the
outer bark. All 6 cypress trees were entirely surrounded by water, providing an ideal
setting to conduct wood treatment studies. Many thousands of colony members infest
these trees (Delaplane et. al 1991).
To prepare for wood treatment testing, a 3.18 cm hole was drilled into the trunk of
each tree, and a polyvinyl chloride (PVC) bait trap was inserted (Henderson and
Forschler 1997) (Figure 4.1). Each PVC trap was baited with a 35.0 g roll of moistened,
untreated, corrugated cardboard for 1 week during the summer of 2002 to entice termite
foraging to the location. One of the 6 trees had a T-jointed PVC bait trap, which was able
to hold 2 sets of treatments, inserted into the trunk. There were a total of 6 replicates and
1 control tree that were used for each of the trials.
Chemical
Nootkatone, crystalline 97.0 % (AI) [4, 4a, 5, 6, 7, 8-hexahydro-6-isopropenyl-4,
4a-dimethyl-2(1H)-naphthalenone] was purchased from Lancaster Synthesis Inc,
Windham, New Hampshire. Tetrahydronootkatone, liquid, 85% (AI) [1, 4, 4a, 5, 6, 7, 8,
10-octahydro-6-isopropyl-4, 4a-dimethyl-2(1H)-naphthalenone] was purchased from
Subcon Products Inc. (SPC), Totowa, New Jersey.
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Figure 4.1. PVC pipe trap inserted into cypress tree infested with Formosan subterranean
termites along the Calcasieu River in Westlake, Louisiana. This PVC pipe trap housed
wood samples for testing.
Dip Treating Method: Preparation of 1% Chemical Solutions
Forty-five wood samples made of untreated Spruce-Pine-Fir (SPF) (2.54 cm x
5.08 cm x 15.24 cm, Lowe’s Home Improvement Warehouse, Lake Charles, Louisiana)
were divided into 3 groups of 15. Wood samples were set side by side in a container, and
solutions of 1% nootkatone or tetrahydronootkatone were poured over the wood samples.
One group of 15 was placed in 1.0 L of 95% ethanol (control group), the second
group in 1.0 L of 1% nootkatone solution (10.0 g A.I. nootkatone dissolved in 1.0 L
ethanol) and the third group in 1.0 L of 1% tetrahydronootkatone (10.0 g A.I.
tetrahydronootkatone dissolved in 1.0 L ethanol). They soaked in this solution for 24
hours then dried under a fume hood for 3 days before testing. Individual wood samples
were then weighed and recorded.
Dip Treating Method: Preparation of 5% Chemical Solutions
Fifty-one wood samples made of untreated SPF (2.54 cm x 5.08 cm x 15.24 cm)
were divided into 3 groups of 17. Wood samples were set side by side in a container, and
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solutions of 5% nootkatone or tetrahydronootkatone were poured over the wood samples.
One group of 17 was placed in 2.0 L of 95% ethanol (control group), the second group in
2.0 L of a 5% nootkatone solution (100.0 g A.I. nootkatone dissolved in 2.0 L ethanol),
and the third group in 2.0 L of 5% tetrahydronootkatone solution (100.0 g A.I.
tetrahydronootkatone dissolved in 2.0 L ethanol). They soaked in these solutions for 24
hours then dried under a fume hood for 3 days before testing. Individual wood samples
were then weighed and recorded.
Vacuum Impregnation Method
Fifty wood samples made of untreated SPF (2.54 cm x 5.08 cm x 15.24 cm) were
divided into 3 groups. Twenty-two were treated with ethanol, 14 were treated with a 5%
nootkatone solution, and 14 were treated with a 5% tetrahydronootkatone solution using a
vacuum impregnation procedure. All wood samples were treated according to standards
provided by American Wood-Preservers’ Association Standard E11-97© (2001). The
wood samples were placed in a 250 mm desiccator (Wheaton Science Products, Millville,
New Jersey) one group at a time, and covered with 3.8 L of ethanol, 5% nootkatone, or
5% tetrahydronootkatone solution. A porcelain weight was placed on top of the wood
samples, ensuring all samples were submerged throughout the process. The desiccator
was covered and attached to a vacuum pump (Emerson Motor Division, St. Louis,
Missouri) to reduce pressure inside the desiccator to 13.3 kPa for 30 minutes and
maintained under vacuum for 20 minutes. Each treatment was removed from solution and
allowed to air dry under a fume hood for 3 days. Individual samples of wood were then
weighed and recorded.
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Sample Preparation and Storage
For approximately 2-15 days prior to testing, wood samples were separated by
treatment and placed in gallon Zip-lock ® bags and stored in covered dark Rubbermaid®
containers at room temperature (26±3º C).
A single layer of corrugated cardboard was wrapped around each wood sample to
eliminate direct contact between them and secured with a colored rubber band to
differentiate the 3 treatments.
Placing and Retrieving Treatments
Three wood samples, still wrapped in cardboard and color-coded with the rubber
bands, were placed horizontally inside the trap and stacked side by side (Figure 4.2). A
control tree was baited only with 3 samples of untreated (solvent only) wood. A PVC
screw top was attached to the end of each PVC bait trap.

Figure 4.2. Inserting the 3 separate samples of wood into a PVC pipe trap. The three
separate colors denote the 3 separate chemicals wood was treated with (Blue= Control,
Green= nootkatone, Red=THN).
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A sample of wood from each treatment (nootkatone, tetrahydronootkatone, and
control) was placed in each PVC bait trap of each tree. Wood samples treated with the
1% dip method remained in the trap for 7-10 days, while wood treated with the 5% dip
remained in the trap for 7 days, and wood treated with the impregnation procedure
remained in the traps for 14 days (Figures 4.3 and 4.4). No attempt was made to organize
treatments sequentially when in PVC bait trap. The same trees were used for each of the
trials, with only the control tree receiving the same treatment throughout. Two trials of
each treatment were conducted.

Figure 4.3. A sample of wood (1% nootkatone) being removed from one of the test trees
along the Calcasieu River.
Determination of Wood Consumption
Each wood sample was soaked in a water bath for 2-3 minutes to loosen mud and
debris. A kitchen scrub brush aided in the mud removal when necessary. Some wood
treatments required a second water bath, and the procedure was repeated. Once cleaned,
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wood samples were placed under a fume hood and allowed to air dry for 7-10 days. All
samples were weighed when fully dried.

Figure 4.4. Samples of wood just removed from trees. Once wood was taken back to the
laboratory wood samples were cleaned of this mud.
Statistical Analysis
To evaluate the effect of the tested treatments, wood consumption data were
subjected to analysis of variance (ANOVA) (PROC GLM, SAS Institute 1989) followed
by Tukey’s studentized range (HSD) procedures at

= 0.05 to separate the means (SAS

Institute 1989).
Results
1% Dip Method Samples
The consumptions of wood treated with nootkatone, tetrahydronootkatone in trials
1 and 2 were not significantly different from the control wood samples (P-value =
0.7523; trial 1 and 0.3138; trial 2) (Figures 4.5 and 4.6).
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5% Dip Method Samples
At the 5% concentration, for both trials, nootkatone and tetrahydronootkatone
significantly decreased feeding compared to the control wood (P-value < 0.0001 for trials
1 and 2). There was no significant difference in consumption between nootkatone and
tetrahydronootkatone in either trial (Figures 4.7 and 4.8).

Mean Percent Consumption of Wood Treated with
1% Dip Method
July 12, 2002
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Figure 4.5. Mean (± SD) consumption of ethanol, 1% nootkatone, and
tetrahydronootkatone (THN) treated wood (dip method, Trial 1; July 12, 2002). Bars
marked by the same letter are not significantly different (F = 0.29; df = 2, 15; p>0.05).
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Mean Percent Consumption of Wood Treated with
1% Dip Method
July 23, 2002
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Figure 4.6. Mean (± SD) consumption of ethanol, 1% nootkatone, and
tetrahydronootkatone (THN) treated wood (dip method, Trial 2; July 23, 2002). Bars
marked by the same letter are not significantly different (F = 1.26; df = 2, 14; p>0.05).
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Figure 4.7. Mean (± SD) consumption of ethanol, 5% nootkatone, and
tetrahydronootkatone (THN) treated wood (dip method, Trial 1; July 30, 2002). Bars
marked by the same letter are not significantly different (F= 19.67; df =2, 15; p<0.05).
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Mean Percent Consumption of Wood Treated with
5% Dip Method
August 6, 2002
90

a

80

Mean Consumption (g)

70
60
50
40
b

30

b

20
10
0
-10

Ethanol

Nootkatone

THN

Chemical Treatment

Figure 4.8. Mean (± SD) consumption of ethanol, 5% nootkatone, and
tetrahydronootkatone (THN) treated wood (dip method, Trial 2; August 6, 2002). Bars
marked by the same letter are not significantly different (F= 32.63; df = 2, 15; p<0.05).

57

35

Mean Percent Consumption of Wood Treated with
5% Vacuum Impregnated
August 21, 2002
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Figure 4.9. Mean (± SD) consumption of ethanol, 5% nootkatone, and
tetrahydronootkatone (THN) treated wood (vacuum impregnation method, Trial 1;
August 21, 2002). Bars marked by the same letter are not significantly different (F= 2.34;
df = 2,15; p>0.05).
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5% Vacuum Impregnated Samples
In trial 1, mean consumption of wood samples treated with nootkatone or
tetrahydronootkatone was not significantly different from the control wood samples (Pvalue = 0.1306) (Figure 4.9), although the nootkatone and tetrahydronootkatone treated
wood showed less consumption in general.
In trial 2, nootkatone and tetrahydronootkatone treated wood showed significantly
less consumption than did the control wood samples (P-value = 0.0013) (Figure 4.10).

Mean Percent Consumption of Wood Treated with
5% Vacuum Impregnated
September 4, 2002
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Figure 4.10. Mean (± SD) consumption of ethanol, 5% nootkatone, and
tetrahydronootkatone (THN) treated wood (impregnation method, Trial 2; September 4,
2002). Bars marked by the same letter are not significantly different (F= 10.70; df = 2,
15; p<0.05).
Discussion
Wood treated with nootkatone and tetrahydronootkatone showed good potential
as a possible wood treatment option at the highest concentration tested. The consumption
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of the 5% dip method samples (trials 1 and 2) and the 5% vacuum impregnated samples
(trial 1 only) was significantly lower than consumption of the control wood.
One interesting observation is that when the second trial of vacuum impregnated
samples was removed from the trees (this was the last of the 6 trials), there were very few
termites (< 50) in the PVC bait trap and in 1 tree no termites were present. On all
previous trials, when wood was removed, thousands of termites were present inside the
PVC bait trap. The control tree still had thousands of termites present inside the PVC bait
trap on the last inspection.
One possible explanation for the low numbers of termites and the non-significant
results in the last trial of the 5% vacuum impregnated wood samples is that nootkatone
and tetrahydronootkatone are known termite repellants (Zhu et al. 2001). Although no
repellency was obvious in the first several trials, after being subjected to nootkatone and
tetrahydronootkatone over the length of testing, termites may have been repelled.
With the phasing out of CCA in 2004, new, effective, and environmentally safe
wood- treatment options are needed. CCA contains inorganic arsenic, a known
carcinogen, which with chronic exposure causes toxic effects to the skin and internal
organs (Minnesota Department of Health 2001). Arsenic can be transferred from CCAtreated wood to our water and soil by leaching, burning, and the natural wearing away of
the wood (Stilwell 1999, Minnesota Department of Health 2001).
Plants produce many natural compounds that are repellant or act to alter feeding
behavior, growth, and development in insects (Duke 1990). Essential oils from plants
have long been used against insects as repellants and fumigants (Isman 1999). However,
just because a product is considered natural does not assure us that it is safe (Duke 1990).
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Nootkatone and tetrahydonootkatone are both used in the fragrance and flavoring
industries (Shaw and Wilson 1981) and are found to be flavor compounds in grapefruit
(MacLeod and Buigues 1964).
The trees in this study provided a unique testing site for the evaluation of
nootkatone and tetrahydronootkatone- treated wood samples. Field studies can take a
considerable number of years before controls are attacked and meaningful data can be
collected. These trees were naturally infested and termites quickly found and recruited to
the cardboard with which the trees were pre-baited. Despite the obvious advantages of
tree tests, the multiple food choices normally accessible to foraging termites in an urban
setting was lacking and the need for testing wood treatments in urban landscapes remains.
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CHAPTER 5
LABORATORY EVALUATION OF NOOTKATONE
AND TETRAHYDRONOOTKATONE AS WOOD TREATMENTS AGAINST
COPTOTERMES FORMOSANUS SHIRAKI
Introduction
In previous laboratory tests, nootkatone and tetrahydronootkatone were repellent
and toxic to Formosan subterranean termites (Zhu et al. 2001a and 2001b, Ibrahim et al.
2004, Henderson et al. 2005). In addition, nootkatone-treated wood acted as a repellent
and feeding deterrent against Formosan subterranean termites, decreasing the number of
protozoa in the gut of the termite and also disrupted tunneling behavior (Maistrello et al.
2000, 2001, and 2002). Field evaluations were previously conducted to test nootkatone
and tetrahydronootkatone treated wood at 2 concentrations and 2 treatment methods in
trees along the Calcasieu River, in Westlake, Louisiana (Nix et al. 2003). In this study,
the testing of these wood treatments was conducted using the American WoodPreservers’ Association Standard E1-97 (2001) in a controlled laboratory setting to
provide an additional assessment of the effectiveness against Formosan subterranean
termites.
Materials and Methods
Termites
Milk crates filled with wood stakes infested with Formosan subterranean termites
were collected from Brechtel Memorial Park in New Orleans, Louisiana, in May 2004,
and stored at room temperature (26±3º C). Four hundred termites were counted out four
times and determined to have an average weight of 1.32 g. This weight was used
thereafter to measure out 400 termites for to each setup.
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Chemical
Nootkatone, crystalline 97.0 % (AI) [4, 4a, 5, 6, 7, 8-hexahydro-6-isopropenyl-4,
4a-dimethyl-2(1H)-naphthalenone] was purchased from Lancaster Synthesis Inc,
Windham, New Hampshire. Tetrahydronootkatone, liquid, 85% (AI) [1, 4, 4a, 5, 6, 7, 8,
10-octahydro-6-isopropyl-4, 4a-dimethyl-2(1H)-naphthalenone] was purchased from
Subcon Products Inc. (SPC), Totowa, New Jersey.
Treatments
Untreated wood samples measuring 1.5 cm x 1.3 cm x 3.7 cm Spruce-Pine-Fir
(SPF, Lowe’s Home Improvement Warehouse, Baton Rouge, Louisiana) were used. Five
separate treatments were tested: 5% nootkatone (dissolved in 95% ethanol) (dip method
and vacuum impregnation method), 5% tetrahydronootkatone (dissolved in 95% ethanol)
(dip method and vacuum impregnation method), and an untreated control (95% ethanol).
Each treatment consisted of five replicates; however, only four replications of dip treated
nootkatone were used. A total of 24 set-ups were used for this evaluation.
Dip Treatment Method
Wood samples were placed in plastic storage containers (14.6 cm x 15.2 cm,
Fisher Scientific, Pittsburg, Pennsylvania) and solutions of 5% nootkatone, 5%
tetrahydronootkatone or 95% ethanol (control group) was poured over them. Lids were
place on the storage containers and each group soaked in these solutions for 24 hours.
Once removed, they were dried under a fume hood for 3 days before testing. Individual
wood samples were then weighed and recorded.
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Vacuum Impregnation Method
All wood samples were treated according to standards provided by the American
Wood-Preservers’ Association Standard E11-97© (2001) described in Chapter 4.
Container Assembly and Inspection
One-hundred fifty grams of autoclaved fine commercial grade construction sand
(Louisiana Cement Products, Greenwell Springs, Louisiana) and 30 ml of deionized
water were added to 24 autoclaved Qorpak glass screw-top jars (80 mm × 100 mm,
Fisher Scientific, Pittsburg, Pennsylvania). The sand filled approximately ¼ of the jar. A
piece of aluminum foil was placed between the wood sample and the sand to eliminate
direct contact. All containers were inspected every 4-6 days, noting if dead termites were
visible, the location of living termites in relation to wood, if fungus was present, and if
consumption of the wood was visible. After 4 weeks, sand was removed from each
container and living termites were counted and recorded. Wood samples were cleaned,
dried under a fume hood for 3 days, and weighed to determine wood consumption.
Visual Evaluation of Wood Samples
Each sample was visually evaluated on the basis of the following scales of the
American Wood-Preservers’ Association Standard E1-97 (2001): 10, no consumption to
very light consumption; 9, light attack; 7, moderate attack, penetration into wood; 4,
heavy attack; 0, treatment failure.
Statistical Analysis
The percent consumption of the wood samples and percent mortality of termites
were analyzed using an analysis of variance (ANOVA) procedure (PROC GLM, SAS
Institute 1989). The means were separated by using Tukey’s studentized range (HSD)
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test. Visual evaluations were analyzed by a one way nonparametric procedure (PROC
NPAR1WAY, SAS Institute 1989).
Results
Wood Consumption
Consumption was significantly lower in wood samples treated with nootkatone or
tetrahydronootkatone, regardless of treatment method (P-value = 0.0011). No significant
difference in percent consumption was found between nootkatone and
tetrahydronootkatone treatment groups (Table 5.1).
Table 5.1. Mean percent consumption (± SD) of wood samples and percent mortality (±
SD) of termites.
Mean Percent Consumption
Percent Mortality
Control

19.04 ± 3.85 a*

25.50 ± 7.49 a

NV

7.50 ± 3.96 b

53.50 ± 4.44 b

TV

8.45 ± 5.77 b

54.60 ± 5.60 b

ND

5.32 ± 4.16 b

65.19 ± 22.70 b

TD

8.69 ± 4.51 b

62.30 ± 9.94 b

*Means marked by the same letter within a column are not significantly different at 0.05
level.
Control = untreated wood, NV = wood vacuum impregnated with nootkatone, TV =
wood vacuum impregnated with tetrahydronootkatone, ND = wood dip treated with
nootkatone, TD = wood dip treated with tetrahydronootkatone.
Termite Mortality
Control groups had significantly lower mortality than termites in groups treated
with nootkatone or tetrahydronootkatone, regardless of treatment method (P-value =
0.0002) (Table 5.1). No significant difference in termite mortality was present between
nootkatone and tetrahydronootkatone treatment groups (Table 5.1).
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Visual Evaluation
Visually, wood samples in the control group showed significantly less
consumption (P-value < 0.0001) than wood samples treated with either nootkatone or
tetrahydronootkatone, regardless of treatment method.
Discussion
Results from previous field evaluations indicated wood samples treated via dip
method or vacuum impregnation with either a 5% nootkatone or 5%
tetrahydronootkatone solution had significantly less consumption than untreated, control
wood samples (Nix et al. 2003). Wood consumption results of this laboratory study were
very similar to the field tree evaluation; all nootkatone and tetrahydronootkatone treated
wood (regardless of treatment method) had significantly less consumption than untreated,
control wood samples. Mean percent wood consumption was also similar between these
two studies. This difference supports the repellency or decreased feeding activity results
of prior studies (Maistrello et al. 2000, 2001 and 2002, Zhu et al. 2001a and 2001b, Nix
et al. 2003, Ibrahim et al. 2004).
In the field evaluation of these wood treatments, after a long period of exposure to
nootkatone and tetrahydronootkatone, the number of termites observed drastically
decreased in bait traps. Because field evaluations did not allow for a quantitative testing
of termite mortality, laboratory experiments provided an excellent platform for this
testing. Laboratory results showed a significantly higher mortality rate for those termites
exposed to wood samples treated with nootkatone or tetrahydronootkatone.
According to Ahmed (2000), any wood preservative resulting in a 5% or greater
mean consumption is considered to be unsuccessful in the prevention of termite attack.
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Mean percent consumption for wood treated with nootkatone or tetrahydronootkatone
(dip method or vacuum impregnation) was greater than 5%. After wood samples were
treated for this evaluation, we were unable to determine how much chemical was retained
by the wood. It is possible that other wood treatment methods, such as those used
commercially, could provide maximum penetration of the nootkatone or
tetrahydronootkatone inside the wood. This increased penetration and/or increasing the
concentration of nootkatone or tetrahydronootkatone may provide for a more repellent
action, decreasing the amount of wood consumed.
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CHAPTER 6
FIELD EVALUATION OF NOOTKATONE AND
TETRAHYDRONOOTKATONE TREATED WOOD AT LOUISIANA STATE
UNIVERSITY AGRICULTURAL CENTER’S CITRUS RESEARCH STATION
Introduction
In 2004, the Environmental Protection Agency (2002) no longer allowed the sale
of wood treated with the preservative, chromated copper arsenic (CCA), for residential
use. This product was very effective in the fight against termites and other insect pests,
molds, and dry rot, but was a major health concern because of the arsenic present. In
recent years, the use of natural products has become increasing popular in the search for
new and effective pesticides (Duke 1990).
Vetiver oil and many of its chemical components have been effective against
termites (Maistrello et al. 2000, 2001, and 2002, Zhu et al. 2001a and 2001b, Nix et al.
2003, Ibrahim et al. 2004, Henderson et al. 2005). Prior studies by Nix et al. (2003) have
shown that wood treated with nootkatone, a component of vetiver oil, and
tetrahydronootkatone, a derivative of nootkatone, have shown promise as an alternative
wood treatment.
Materials and Methods
Location of Experiment
This study took place at Louisiana State University Agricultural Center’s Citrus
Research Station in Port Sulphur, Louisiana, a first of its kind facility for conducting field
tests on Formosan subterranean termites. Milk crates filled with wood stakes infested
with Formosan subterranean termites collected from in and around New Orleans,
Louisiana, had been previously placed underground in the middle of each of the
individual plots (Smith et al. 2004). Several large wood timbers were present in the
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middle of each plot, as a food source for the introduced termites (Figure 6.1). For this
present study, 2 termite stocked plots were used.

Figure 6.1. Termite stocked plot at Louisiana State University Agricultural Center’s
Citrus Research Station.
Chemical
Nootkatone, crystalline 97.0 % (AI) [4, 4a, 5, 6, 7, 8-hexahydro-6-isopropenyl-4,
4a-dimethyl-2(1H)-naphthalenone] was purchased from Lancaster Synthesis Inc.,
Windham, New Hampshire. Tetrahydronootkatone, liquid, 85% (AI) [1, 4, 4a, 5, 6, 7, 8,
10-octahydro-6-isopropyl-4, 4a-dimethyl-2(1H)-naphthalenone] was purchased from
Subcon Products Inc. (SPC), Totowa, New Jersey.
Dip Treatment Method
Two groups of 11 Spruce-Pine-Fir (SPF) wood samples (2.54cm x 5.08 cm x 12.7
cm, Lowe’s Home Improvement Warehouse, Baton Rouge, Louisiana) were placed in
separate plastic storage containers (14.6 cm x 15.2 cm, Fisher Scientific, Pittsburg,
Pennsylvania), and solutions of 5% nootkatone (dissolved in 95% ethanol) or 5%
tetrahydronootkatone (dissolved in 95% ethanol) was poured over them. Lids were place
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on storage containers and each group soaked in these solutions for 24 hours. Once
removed, they were dried under a fume hood for 3 days. Individual wood samples were
weighed and recorded.
Vacuum Impregnation Method
Two groups of 11 SPF wood samples were treated with a 5% nootkatone
(dissolved in 95% ethanol) or 5% tetrahydronootkatone (dissolved in 95% ethanol)
solution according to standards provided by the American Wood-Preservers’ Association
Standard E11-97© (2001) described in Chapter 4.
Sample Preparation and Storage
A single layer of corrugated cardboard was wrapped around each wood sample to
eliminate direct contact between them and secured with a colored rubber band to
differentiate between the treatments.
Prior to testing, wood samples were separated by treatment and concentration and
placed in gallon Zip-lock ® bags and stored in covered dark containers at room
temperature (26±3º C).
Placement of Wood Treatments
One sample of each treated wood type (5% nootkatone; dipped and vacuum
impregnated, 5% tetrahydronootkatone; dipped and vacuum impregnated, and control),
still wrapped in cardboard and color-coded with rubber bands were placed in a nylon
mesh bag (50.8 cm x 27.94 cm, Sacramento Bag Company, Sacramento, California) and
closed with the drawstring. No attempt was made to organize treatments sequentially
inside the bags. Five bags were randomly buried approximately 0.30 meters deep around
each of the stocked termite plots.
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After one year, all bags were removed from the ground and wood samples were
inspected for termite consumption and fungal growth. Wood samples were returned to the
laboratory, cleaned of mud and debris, oven dried at 70ºC for 24 hours, and weighed.
Statistical Analysis
The percent weight loss of the wood samples was analyzed using an analysis of
variance (ANOVA) procedure (PROC GLM, SAS Institute 1989). Although percent
weight loss +1 was transformed to square root to promote normality for data analysis,
untransformed means are reported.
Results
No termite consumption was present on any of the wood samples tested in this
study. At the time of removal, a white fungal growth was present on all wood samples in
three of the bags and also present on a wood sample treated via vacuum impregnation
with tetrahydronootkatone in another bag (Figure 6.2).

Figure 6.2. The presence of a white fungal growth was observed on all treatments in 3 of
the bags and on a wood sample treated via vacuum impregnation with
tetrahydronootkatone in another bag.
Several of the wood samples showed signs of decay, but no significant difference
was observed in weight loss between untreated control wood and wood treated with
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nootkatone or tetrahydronootkatone (regardless of treatment method or termite plot)
(Table 6.1).
Table 6.1. Mean percent weight loss ± SD for wood samples in this study.
Termite Plot
Treatment
Mean percent weight loss
Plot 1

Plot 2

Control

15.31 ± 13.23 a

ND

16.47 ± 11.56 a

TD

11.84 ± 10.84 a

NV

9.56 ± 8.16 a

TV

15.31 ± 12.69 a

Control

10.71 ± 2.81 a

ND

24.41 ± 11.85 a

TD

7.11 ± 5.08 a

NV

14.30 ± 9.67 a

TV

9.52 ± 9.07 a

Means marked by the same letter are not significantly different at 0.05 level.
Control = untreated wood, NV = wood vacuum impregnated with nootkatone, TV =
wood vacuum impregnated with tetrahydronootkatone, ND = wood dip treated with
nootkatone, TD = wood dip treated with tetrahydronootkatone.
Discussion
Not only have vetiver oil and its constituents been shown to be effective insect
repellents (Maistrello et al. 2000, 2001, and 2002, Zhu et al. 2001a and 2001b, Nix et al.
2003, Ibrahim et al. 2004, Henderson et al. 2005), it also possesses anti-fungal properties
(Chomchalow 2001, Greenfield 2002, Zhu et al. unpublished). The amount of nootkatone
or tetrahydronootkatone present in the wood samples buried underground for one year,
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was unknown. The white fungal growth present on several of the wood samples may be
attributed to a decrease in the amount of nootkatone or tetrahydronootkatone over time,
which may not have inhibited fungal growth.
Field studies often take a considerable number of years before meaningful data
can be collected. Wood samples tested in this study showed no signs of termite
consumption. This lack of consumption was probably not due to the repellency of the
nootkatone or tetrahydronootkatone, but possibly because termites did not find and
recruit to the wood samples or termites in the plots died after the study was initiated.
When this study began in the summer of 2004, termites were present in both plots
where wood samples were buried. These termites were present in large columns of wood
used as food sources. In the presence of large amounts of food, Hedlund and Henderson
(1999) found that Formosan subterranean termites will forage less than in areas where a
small amount of food is present. Because of the large volumes of wood present in the
termite stocked plots prior to the start of our project, termites may not have needed to
forage extensively, thus never finding the treated wood samples used in this project.
The lack of termite consumption could possibly be due to the disappearance of
the termites in the stocked plots. When the wood samples in this project were recovered
after a one year time period, termites were not present. It is not known when the termites
in the stocked plots disappeared, but one possible explanation for the disappearance of
these termites could be that the plots are in low-lying areas that are easily flooded, killing
the termites as a result.
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CHAPTER 7
EXAMINATION OF EXTRINSIC AFFECTS ON FLIGHT
PERIODICITY OF THE FORMOSAN SUBTERRANEAN TERMITE
(ISOPTERA: RHINOTERMITIDAE)
Introduction
First discovered in New Orleans, Louisiana, in 1966 (Spink 1967), the Formosan
subterranean termite, Coptotermes formosanus Shiraki, has become a huge economic
problem to homeowners and business owners. Formosan subterranean termites swarm
annually from established colonies in the early evening from late April to the end of June.
Swarming allows for the dispersal of reproductives, mating between the sexes, and the
initiation of new colonies. Some swarms have been so large that outdoor evening
activities have been canceled (Henderson and Fei 2002).
Since 1989, Louisiana State University Agricultural Center’s Department of
Entomology has been using light traps to record daily flights in New Orleans during the
Formosan subterranean termite alate swarming season to determine yearly population
trends and daily flight rhythms. In 1994, Henderson and Delaplane noted that in Isoptera,
swarming is clearly triggered by extrinsic phenomena but that the daily weather patterns
alone could not be used to predict a particular day or night’s swarm. Henderson and
Delaplane (1994) and Henderson (1996) found consistent breaks between peak flights
within a season. Peak flights are defined as the mass exodus of alates from multiple
colonies. The Formosan subterranean termite flight pattern showed several peak flights in
each season, separated by an 8 to 13 day break between them.
In laboratory tests, Nutting (1966) reported that a slight increase in temperature to
the alates’ environment caused an increase in their activity, suggesting temperature may
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play a role in cueing alate flight. He later noted (1969a) that temperature and rainfall
affect the production of termite alates but thought that periodic flights in certain species
were not precisely synchronized with changes in the environment. Higa and Tamashiro
(1983) found no significant correlation between the total number of Formosan
subterranean termite alates caught and the rainfall at each trapping area. Leong et al.
(1983) reported that wind velocity was an extrinsic factor that had some regulating
control on the flights of Formosan subterranean termites in Hawaii. Flights took place
only if wind velocity was below 3.7 km/hr and abruptly stopped if the wind velocity
increased over this reading. In South Carolina, Chambers (1988) found no significant
correlations between the daily mean total catch of Formosan subterranean termite alates
and temperature, relative humidity, wind velocity, or rainfall.
It is believed that alates will swarm when a certain temperature has been reached
and holds at that range for a period of time (Furman and Gold 2002). An accumulation of
heat units, a measure based on daily temperatures, is needed for alates to mature (Furman
and Gold 2002). A heat unit is the 1ºC difference between a specified base temperature
(varies depending on the species) and the average daily temperature
(http://www.ipm.ucdavis.edu/WEATHER/ddconcepts.html). In 2002, Furman and Gold
found that initial flights of Reticulitermes spp. in Texas did not occur until 602 heat units
accumulated.
The objectives of this project were to determine: 1) if there is a statistically
significant temporal pattern to the peak flights among the years data were collected, 2) if
rainfall, temperature, or moon cycle affected the largest flight; and 3) to construct a
degree day model for the Formosan subterranean termite.
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Materials and Methods
Alate Trap Locations
Light traps (BioQuip Products, Gardena, California) equipped with a 22-watt
Circline black light were set up at various points around New Orleans, Louisiana. Sites
depended on volunteer homeowners willing to check traps and collect alates on a daily
basis. An attempt was made to have at least 15 light traps set out each year, but in some
years fewer were monitored. Homeowners willing to take part in this study changed from
year to year, changing the locations of some of the traps. Light traps were connected to
outdoor timers (Intermatic, Grainger Co., Ohio) and programmed to come on at 7:00 PM
and cut off at 12:00 midnight from the first day of May to the last day of June, the
interval when the majority of Formosan subterranean alates swarm.
Collection and Counting Techniques
Traps were checked daily and collections were placed inside plastic containers
filled with 95% ethyl alcohol and labeled with the previous night’s date. Individual vials
were returned to the laboratory and collections were counted. For large collections, the
number collected was often determined by weight. For these large collections, 100 alates
were counted and weighed. This procedure was repeated 3-4 more times to calculate an
average weight. This average weight was divided by 100 to determine the weight of one
alate. All alates from the collection vial were weighed; this total weight was divided by
the individual weight previously calculated to determine the approximate number in the
collection. Daily catches were recorded and used to determine the peak flights of each
year.
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Determination of Heat Units
Daily temperatures for New Orleans, Louisiana, were provided by the Louisiana
State University Office of Climatology for 1990-2003. In order to determine if there was
a relationship between the largest flights of each year and temperature, temperature data
were converted to heat units using the formula: heat unit = (maximum daily temperature
+ minimum daily temperature)/2 – base temperature. The base temperature selected was
13ºC (55ºF) because when temperatures are lower than 13ºC, above ground foraging of
Formosan subterranean termites stops (Henderson et al. unpublished). Heat unit
accumulation was calculated from July 1 and ending on the day of the next year’s largest
flight. July 1 was selected as the starting point because this is the end of the flight season
and the beginning of nymphal development for the next generation of alates.
Statistical Analysis
To determine if there was a significant pattern in the peak flights among the years,
flight data were collected and peak flights for each year were recorded. Peak flights were
determined simply by selecting those flights which were distinctively larger than others
for each year. A Kendall Tau analysis (SAS Institute, 2001) was used to test the
concordance between the peak flights among the 13 years. A Pearson correlation was
used to determine if rainfall accumulation (beginning July 1st of previous year and May
1st of the present year) was related to the largest flight of the year and also to determine if
temperature (minimum, maximum, and overall; beginning May 1st of the present year)
was related to the largest flight of the year. A Pearson correlation was also used to
determine if the accumulation of temperature (May 1st of the present year) before the
largest flight of the year had any effect on the largest flight. Lunar cycle data were
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analyzed using a one-way Chi Square analysis to determine if the peak flights occurred
more often than would be expected during the dark or light phases of the moon. It was
hypothesized that since alates are attracted to light, peak flights would take place on
evenings when bright light phases of the moon were present. A simple linear regression
analysis was conducted to determine the relationship between heat unit accumulation
(beginning July 1st of previous year) and the largest alate flight of each year for the years
1991-2003. Rainfall data were obtained from the Louisiana State Office of Climatology
and the moon cycle data were obtained from the United States Naval Observatory
(http://aa.usno.navy.mil/data/docs/MoonPhase.html).
Results
There was a significant relationship between the second and third peak flights for
all years (P-value = 0.01, r = 0.56) and between the second and fourth peak flights for all
years (P-value = 0.05, r = 0.52). No relationship was present between the 3rd and 4th peak
flights of all the swarming seasons (P-value = 0.20, r = 0.33) (Figure 7.1). This pattern
indicates that peak alate flights are not random and factors exist which triggers them to
repeat in a regular pattern each year.
Heat unit accumulation had a significant affect on the largest alate flight of the
year (P-value = 0.03, R2=0.3617, r = 0.60, F= 6.23, y=259 +0.024x) (Figure 7.2) (Table
7.1). Analysis of heat units indicated that the largest flight of each season did not occur
before an average accumulation of 2611 heat units (Table 7.2).
Rainfall accumulation ( rain before the largest flight of the year beginning July
1st of previous year and May 1 of the present year) had no significant affect on the largest
alate flight each year. (P-value = 0.377, r = -0.268; P-value =0.93, r = 0.02, respectively).
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The average maximum temperature (P-value =0.63, r = 0.14), average minimum
temperature (P-value =0.62, r = 0.15), or overall average temperature (P=0.67, r = 0.13)
also did not have any significant affect on the largest flight of the year. No significant
relationship was observed on the largest alate flight of each year between the
accumulation of the average maximum temperature (beginning May 1st of the present
year) (P-value =0.213, r = -0.355), average minimum temperature (P-value =0.19,
r = -0.37), or average overall temperature (P-value =0.20, r = -0.36).
Of the 64 peak flights that occurred throughout the 13 year span, 36 peak flights
occurred on nights with bright light phases of the moon and 28 peak flights occurred
during dark phases of the moon. No significant difference was found between the
number of peak flights occurring during bright phases and dark phases of the moon (Pvalue>0.05).
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Figure 7.1. Largest alate flights for each swarming season.
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Figure 7.2. Effect of heat unit accumulation on the largest alate flight of each year.
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Discussion
Several, but not all, peak flights fit a pattern that was statistically significant
among the years; however, no extrinsic factor measured was responsible for the observed
pattern. Once a nymph has molted into an alate, readiness for flight is dependant on the
muscular development of the termite (Nutting 1969a). Depending on the species, it may
take anywhere from 7 to 14 days for the neuromuscular flight mechanism to fully develop
(Nutting 1969a). The 8 to 13 day lapse in peak flights in our study and prior studies is
also consistent with the peak flights of swarms observed in Lake Charles, Louisiana,
South Carolina, and Hawaii (Henderson and Delaplane 1994, Henderson 1996, Chambers
1988, Higa and Tamashiro 1983, Nix and Henderson unpublished data). Although there
may be other factors involved, consistencies in the breaks between peak flights in
different geographical locations, together with our findings that peak alate flights are not
a random occurrence, adds support to the hypothesis of Henderson and Delaplane (1994)
that this break provides time for developing alates to fully mature their flight mechanism.
Maintaining a balance of pheromones within the colony and the quality and
quantity of food supply has an effect on the production of alates (Nutting 1969a, Nutting
1969b). In addition to these factors, temperature is also important in the rate at which an
organism develops. Heat unit accumulation analysis indicated a significant relationship
with the largest alate flight of the season.
Largest alate flights of each year did not occur before an average accumulation of 2611
heat units (beginning July 1st of the previous year). This model differs from the model
presented by Furman and Gold (2002) who determined that initial alate flights of
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Table 7.1. Date of largest flight, number of alates caught on this date, and the total
number of alates caught for Formosan subterranean termite swarms (1991-2003).

Year

Date of largest
flight

Number of alates
caught on the date of
the largest flight

Yearly total

1991

June 11

2000

21715

1992

May 3

2000

41896

1993

May 26

22864

70351

1994

May 10

9709

36750

1995

May 10

14718

79344

1996

May 23

35252

118876

1997

May 20

27948

112184

1998

May 18

51091

226629

1999

May 14

21049

212059

2000

May 15

32713

114526

2001

May 12

15951

76783

2002

May 26

51378

140445

2003

May 12

59427

192688
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Table 7.2. Heat unit accumulation from July 1 to the date of the largest alate flight from
1991-2003.

Year
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

Date of largest flight

Number of days from
July 1 to largest flight

Heat unit accumulation

346

3052

308

2190

330

2391

314

2503

314

2534

335

2811

324

2674

322

2517

318

2984

320

2767

316

2532

330

3064

316

2777

June 11
May 3
May 26
May 10
May 10
May 23
May 20
May 18
May 14
May 15
May 12
May 26
May 12

Average Heat Unit
Accumulation: 2611
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Reticulitermes spp. did not occur before a minimum accumulation of 602 heat units,
when heat unit accumulation began being calculated on December 21.
The most noticeable difference between the two models is the difference in the
accumulated heat units required for each species. This difference is attributed to the
different start dates (July 1 verses December 21) and the different base temperatures
used. This present degree day model for Formosan subterranean termites used a base
temperature of 13ºC (below this temperature above ground foraging of Formosan
subterranean termites stops) (Henderson et al. unpublished), while the model by Furman
and Gold (2002), selected 4ºC as the base temperature for Reticulitermes spp. If the
present model used December 21 as the start date for heat unit accumulation and 4ºC as
the base temperature, the largest Formosan subterranean alate flights would not have
occurred before a minimum of 1619 heat units or before an average of 1991 heat units;
considerably higher than the minimum of 602 heat units for Reticulitermes spp. The
Formosan subterranean termite is a sub-tropical species and can only maintain colonies in
areas where the climate is hot and humid, so it is no surprise that accumulated heat units
needed for the flight of this species are higher than in Reticulitermes spp. Reticulitermes
spp. are able to sustain colonies in much colder climates. In colder climates, alate flights
may occur later than in areas where the temperature is warmer and heat units are
accumulated earlier (Furman and Gold 2002). Flights of Reticulitermes spp. have been
known to occur as early as late January or February (personal communication with Dr.
Timothy Myles, University of Toronto). These early flights can possibly be attributed to
warmer indoor temperatures due to indoor heating.
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The absence of a statistical relationship between the occurrence of peak flights
during the bright phase dark moon phase is in agreement with McMichael’s (1998)
results in an alate study on the Calcasieu River in Lake Charles, Louisiana, which also
found no relationship between moon cycle and alate flight. McMichael’s (1998) results
contradicted the findings of a similar study in the same location by Waller and La Fage
(1988) which postulated that alates fly towards the river (toward the reflection of the
moon).
It is believed the termite family Rhinotermitidae may have evolved from the
primitive species, Hodotermes mossambicus (Hagen) (Weesner 1960). Workers of this
species possess compound eyes and orient to light by using moonlight when foraging
(Heidecker and Leuthold 1984). Formosan subterranean termite alates are positively
phototactic (Spink 1967). This photo-menotaxis for foragers appears to have been lost to
only those termite castes with compound eyes (i.e. alates). This possible evolutionary
process from food source orientation to alate aggregations results in male/female pairings
and is a subject requiring further study.
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CHAPTER 8
SUMMARY AND CONCLUSIONS
The Formosan subterranean termite, Coptotermes formosanus Shiraki, is a major
pest of structural wood and living trees in the United States. This exotic species causes an
estimated $1 billion dollars in combined costs from damages to property, repairs, and
control measures (Suszkiw 2000). Presently, the most commonly used treatment option
against termites is the application of synthetic chemicals. The main chemical treatment
methods used are liquid soil termiticides and/or baiting systems. Wood treatments, either
repellents or toxicants, are a type of preventative measure used against this exotic pest.
The search for alternative, environmentally safe control measures has become of
great interest in recent years (Duke 1990). Many plants produce natural compounds that
are repellent or alter the feeding, behavior, or growth and development of insects (Duke
1990). Vetiver grass, Vetiveria zizanioides (L.) Nash, possesses a fast growing root
system (National Research Council 1993, Chomchalow 2001). This root system contains
vetiver oil, an essential oil made up of hundreds of chemical components (Cazaussus et
al. 1989), several of which have been shown to be repellent and toxic to some insects,
including the Formosan subterranean termite (Maistrello et al. 2000, 2001, and 2002, Zhu
et al. 2001a and 2001b, Nix et al. 2003, Ibrahim et al. 2004, Henderson et al. 2005).
The growth rate of vetiver grass roots and its oil distribution in the root system
were evaluated in an 8 month field study. The amount of vetiver oil present in the root
system increased with each sampling date. Also, as root weight increased, the amount of
vetiver oil increased. During the final sampling period, mean root weight increased 520%
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from the previous sampling period. At the end of the study, roots measured over 2 m long
and 25 cm wide and weighed 0.48 kg.
When vetiver roots were used directly against Formosan subterranean termites, a
vetiver root mulch to sand ratio of 4:1 proved to be effective. Termites exposed to this
4:1 ratio exhibited decreased tunneling activity and increased mortality and as a result
consumed no untreated wood.
Nootkatone, a compound present in vetiver oil, and its derivative,
tetrahydronootkatone, were tested as possible wood treatments. These safe and natural
compounds have shown potential as possible alternative wood treatments against
termites. While field tests did not allow for a quantitative analysis of mortality, after a
long period of exposure to nootkatone and tetrahydronootkatone, the number of termites
observed drastically decreased in bait traps. Laboratory results showed a significantly
higher mortality rate for those termites exposed to wood samples treated with nootkatone
or tetrahydronootkatone.
Except for one trial in the field tree evaluation, wood samples treated with 5%
nootkatone or 5% tetrahydronootkatone solutions (in both the field tree and laboratory
evaluations) showed significantly less consumption than untreated control samples.
While consumption of these treatments were significantly less than untreated controls, on
average, they showed >5% consumption, a level considered unsuccessful as a
preventative treatment (Ahmed 2000). Testing of these natural compounds is needed on
different wood species, such as those sold for residential use. Also, various commercial
wood treatment techniques need to be tested to determine which method provides for the
greatest retention of these chemicals in various types of wood.
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In addition to evaluating the possible control potential of vetiver grass roots and
its chemical components against Formosan subterranean termites, the extrinsic factors
affecting the annual flight patterns of this insect pest were studied. Before more effective
control measures against the Formosan subterranean termite can be developed,
researchers must have a more thorough understanding of their biology. Findings of this
project revealed a statistically significant pattern to several of their peak flights over a 13
year period. Although no factor studied was found responsible for this non-random
pattern of yearly peak flights, a significant relationship was observed between the largest
alate flight of each year and the number of accumulated heat units (beginning on July 1 of
the previous year). A degree day model was developed to aid in predicting each year’s
largest flights. Results indicated that the largest flights did not occur before an average of
2611 heat units had accumulated.
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APPENDIX B
LETTER OF PERMISSION AND AMERICAN WOOD PRESERVERS’
ASSOCIATION STANDARD E1-97©
A copy of and a letter of permission from the American Wood Preservers’ Association to
reprint the standard E1-97©, Standard Method for Laboratory Evaluation to Determine
Resistance to Subterranean Termites.
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APPENDIX C
LETTER OF PERMISSION AND AMERICAN WOOD PRESERVERS’
ASSOCIATION STANDARD E11-97©
A copy of and a letter of permission from the American Wood Preservers’ Association to
reprint the standard E11-97©, Standard Method of Determining the Leachability of
Wood Preservatives.
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